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Abstract
Currently, insects are considered as a potential substitute for fishmeal and soybean meal in feeding mixtures 
for farm animals. However, detailed information regarding insects’ nutritional values is available only for some 
species.  We suggested criteria for insect suitability to mass production and found 15 species from 5 orders which 
meet our requirements:  Blattaria: Blaptica dubia, Blatta lateralis, Eublaberus distanti, Coleoptera: Alphitobius 
diaperinus, Tenebrio molitor, Zophobas morio, Diptera: Hermetia illucens, Musca domestica, Lepidoptera: Antheraea 
assamensis, Bombyx mori, Galleria mellonela, Samia riciini, Orthoptera: Acheta domestica, Locusta migratoria, 
Zonocerus variegates. We have collected available information about their nutritional composition and compared 
it to soybean meal and fishmeal. Protein content was found to be similar to (or slightly higher than in) soybean 
and fish meals. In terms of protein quality, it was found that insect protein composition is more similar to soybean 
protein or fishmeal with low protein concentration, than to that of high concentration fishmeal or casein. Due to 
highest lysine and metionin contents, we recommend Musca domestica and Samia riciini as most suitable protein 
sources for poultry and pigs feeding.
Keywords: alternative protein source, amino acid, insects, nutrient content.
Abbreviations:  DM – dry matter, CP – crude 
protein, CF – crude fat, NFE – nitrogen free 
extracts, ADF – acid detergent fiber, NDF – neutral 
detergent fiber, BE – gross energy 
INTRODUCTION 
The world population is constantly increasing 
and human eating habits are globally changing 
as well. Therefore, sufficient production of meat 
represents a serious challenge for the future. In 
regard to production optimisation, it is necessary 
to provide sufficient quantities of quality feed to 
unlock maximal genetic potential of animals. 
All monogastric livestock (and fish in 
aquaculture as well) need high quality protein. 
Since November 2000, meat bone meals can 
no longer be used in diets of animals for human 
consumption (Deydier et al., 2005). Because of 
this fact, soybean meal and fishmeal are now 
the most widely used protein sources in animal 
feeding. Unfortunately,  obtaining both of the above mentioned meals leads to local environmental 
degradation. It is therefore essential to find alternative protein sources. 
Insects are currently, considered to possibly 
be one of such sources, mainly due to their high 
protein content, cultivation on industry by-
products and organic waste, high feed conversion, 
high fecundity and low space requirements in the 
rearing process (Rumpold and Schlütter, 2013).  
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Several papers and summaries, dealing with 
this issue, have recently been published (for all, 
see Makkar et al. 2014, Sánchez-Muñoz et al. 
2014). Both of these reviews consider insects 
as future food source and discuss pros and cons 
of the prospect. They also contain detailed 
information about their nutritional composition. 
However, the first review only focuses on four 
most common orders of insects used as food. 
The other study is more thorough and 
provides a comprehensive list of 150 commercially 
available insect species, and also provides 
nutritional values of several dozen insect taxa. 
Although Sánchez-Muñoz et al. (2014) report 
nutrient composition of a wide range of species, 
only a minority of them are commercially available 
in the required quantity (or only for a few 
is there a known methodology of controlled mass 
production). 
The other reported species were obtained 
in different ways, such as collection from nature, 
etc., which means that they could not be used as 
standardised food for animals. It is also appropriate 
to point out that the nutritional composition of 
the most common insect species (used for this 
purpose) is available in several papers, but 
there are significant differences between reported results.  
The aim of our study was to find out which 
easily cultivable insect species could be used 
as a full-fledged replacement for the most 
common protein sources used for animal feeding 
(fishmeal and soybean meal). 
MATERIALS AND METHODS 
In this review, we focused on insect spe-
cies which could be considered as a possi ble fu-
ture protein source for farm animals. We have 
gathered available information not only about 
quantity of basic nutrient content (DM, crude 
protein, crude fat, chitin, NFE, ADF, NDF, Ca/P 
ratio, BE), but also about the quality of proteins 
(amino acid composition) and lipids (fatty acid 
composition). 1. The selection of the insects was based on the 
following criteria: 2. The species must be commercially available 
and could be ordered or purchased from 
specialised mass production companies; 
3. The species is bred and produced in multi-
ple countries, and/or the breeding technology 
is more or less known and publicly available;4. The species is used as a food source for animals 
(including companion animals);5. The information about nutritional composition 
of the species is available from at least two 
sources;6. Papers mentioning the nutritional value of the 
species have been published during the last 
ten years. 
The information collected about the chemical 
composition of insect species which meet the 
required criteria has been put into tables. 
For species evaluated by several authors, we 
compiled tables with arithmetic means of avaiable 
values. NFE negative values (reported by one 
of the sources) were excluded from arithmetic 
means calculations. The g/kg units were used 
intentionally in all the tables (only the fatty acids 
contents are shown in g/100 g). Knowledge about 
dry matter quantity enables us to more easily 
assess the quality of insect meal. For comparison, 
we also added average composition of soybean 
meal, fishmeal (Banaszkiewicz, 2011; Heuzé et 
al., 2015a,b), and milk protein (Young and Pellet, 
1991).  
RESULTS AND DISCUSSION 
Based on the aforementioned criteria, we 
found 15 species from 5 orders which meet our 
requirements. We list them in an alphabetical order 
according to the orders and species: Blattaria: 
Blaptica dubia (Serville, 1838), Blatta lateralis 
(Walker, 1868), Eublaberus distanti (Kirby, 1903), 
Coleoptera: Alphitobius diaperinus (Panzer, 1797), 
Tenebrio molitor (Linnaeus, 1758), Zophobas 
morio (Fabricius, 1776), Diptera: Hermetia illucens 
(Linnaeus, 1758), Musca domestica (Linnaeus, 
1758), Lepidoptera: Antheraea assamensis (Helfer, 
1837), Bombyx mori (Linnaeus, 1758), Galleria 
mellonela (Linnaeus, 1758), Samia riciini 
(Anderson, 1788), Orthoptera: Acheta domestica 
(Linnaeus, 1758), Locusta migratoria (Linnaeus, 
1758), Zonocerus variegates (Linnaeus, 1758). 
The information about the nutritional value of 
these species is shown in Tables 1–3. The average 
values are displayed in Tables 4 and 5. 
According to our findings, the protein 
content of most of the reviewed insect species is 
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similar to that of conventional commercial protein 
sources – fishmeal and soybean meal. In terms of 
protein quality, it was found that insect protein 
composition is more similar to soybean protein 
or fishmeal with low protein concentration, 
than to that of high concentration fishmeal or casein. 
Although many authors deal with this topic, 
complete information about the nutritional value 
of the reviewed species is rather unavailable. 
Despite the fact that the basic nutritional 
composition of most species is well known (see 
Table 1), the information about quality of their 
proteins (see Table 2) and lipids  (see Table 3) 
is unfortunately insufficient. Detailed chemical 
analyses of other insect species are also available, 
but those specimens have been obtained from 
nature (by collecting, etc.), which means we do 
not consider them as suitable for mass production 
(Adeyeye and Awokunmi, 2010; Wang et al., 2005). 
Breeders of insectivorous companion animals 
rear many more insect species, especially to 
improve the animals’ diet, but also as a kind of 
enrichment. Due to the high cost of inputs, the 
price of small scale reared insects is several times 
higher than it is supposed to be in mass production. 
Therefore, developing technologies for rearing 
intensification purposes is essential.
Based on available data, the nutritional value 
of the insects varied among individual orders, 
species and developmental stages. The available 
information indicates that the amount of nutrients 
could also vary according to the breeding 
methodology (e.g. diet composition, temperature, 
gut loading, etc.). There were instances where the 
published results for the same species differed 
substantially (e.g. Ca/P ratio in M. domestica by Bernard et al., 1997 and Djordjević et al., 2008). 
Regarding Table 1, the protein content of most of 
the reviewed insect species ranged between 339.8 – 
799.1 g/kg DM, which could be considered as similar 
to or slightly higher than in soybean (438 – 535 g/
kg DM) and fish meals (484.0 – 754.0 g/kg DM). 
The exception for this criterion (i.e. crude protein 
content lower than 438 g/kg) were two species of 
the Lepidoptera order – G. mellonela larvae, B. mori 
pupae; one Diptera species – H. illucens larvae, and 
nymphs of E. distanti, Blattaria. On the other hand, 
the average protein contents of adult A. domestica or 
pupae of M. domestica were almost equal to that of 
high concentration fishmeals.
Most farm animal requirements are not 
specified in protein quantity, but in its quality. 
Knowledge of amino acid composition is therefore 
necessary. In terms of animal feeding, the most 
important aspect is the content of limiting amino 
acids. The most frequent farm animal species 
associated with using insect meal as an alternative 
protein source are pigs (Adeniji, 2008; Coll et al., 
1992) and poultry (Ramos-Elorduy, 2002; Tas, 
1985; Téguia et al., 2002).
The limiting amino acid in pig nutrition is lysin 
(Subcommittee on Swine Nutrition et al., 1979). 
As shown in Table 5., the average lysin content in 
insects has been found to be significantly lower 
than in casein or high protein fishmeals, but similar 
to that of soybean meal (12 groups) or low protein 
fishmeal (7 groups). The lowest level (8 g/kg DM) 
of lysin was found in B. mori pupae. The average 
level of methionin (see Table 5) which is limiting 
amino acid in poultry nutrition (Subcommittee on 
Poultry Nutrition et al., 1994), in most insects was 
similar to or slightly higher than in soybean meal. 
Only 3 species (M. domestica larvae, S. riciini pupae 
and a stadium mix of Z. variegatus) had the same 
methionin content as low protein fishmeal. None 
of the reviewed species neared methionin values 
of high protein fishmeals or milk protein. The same 
situation occurred with almost all essential amino 
acids (see Table 3 and Table 5), except leucin. 
Average leucin level was unexpectedly higher in 
both nymphs and adults of A. domestica than in 
high protein fishmeal.
The insects also contain high levels of lipids 
(see Table 1), ranging from 66.6 to 600.0 g/kg DM. 
These contents are several times higher than that 
of soybean meal and fishmeal. The lowest average 
lipid levels were found in two Orthoptera species: 
Z. variegatus and A. domestica, which both may 
be considered similar to fishmeal in terms of fat 
content. The highest average lipid levels have been 
conversely found in Lepidoptera species B. mori 
(pupae) and G. mellonela. Both these groups were 
actually the only investigated insects with higher 
lipid than protein content. The quality of lipids is 
expressed by fatty acid composition. Unfortunately, 
the information about that is limited (see Table 
2), but it is known that fatty acid composition is 
influenced by its composition in the insect’s diet 
(Stanley-Samuelson et al., 2005), so we assume 
that these values may vary greatly.
VRABEC et al
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An anti-nutritional factor contained in the 
insects is polysaccharide chitin. Information 
about its content in insects is very limited, but the 
available results indicate that it reaches levels many 
times higher than indigestible polysaccharide 
lignin levels contained in soybean meals. 
The gross energy (see Table 1) content was 
11.5–29.6 MJ/kg DM, most of the investigated 
groups (10) exhibiting higher average energy 
content than both fishmeal and soybean meal. On 
the other hand, seven groups of insect containing 
slightly lower energy amount have also been 
found. 
The ash content (see Table 1) in insects was 
found in a large variety of 11.1–240.0 g/kg DM. 
Except for a few Diptera species, the reviewed 
insects contained similar amounts of ash as 
there is in soybeanmeal. However, the ratio of the 
most important macroelements Ca:P is generally 
significantly lower than in fishmeal and soybean 
meal. The only investigated groups containing 
more calcium than phosphorus were the maggots 
of two Diptera species.
The studied insects expectedly contained low 
levels of NFE (see Table 1), probably formed only 
by feed residues. Only three exceptions with NFE 
content higher than 100 g/kg DM were found in 
sources – adult B. lateralis (Kulma et al., in prep), 
H. illucens (Kroeckel et al., 2012) and B. mori 
(Finke, 2002). On the other hand, negative values 
have been reported by Finke (2002) as well.
CONCLUSION 
The collected data indicate that insect meals 
could be considered as a potential future substitute 
for currently used protein sources in agriculture. 
Further research including more aspects (mass 
production, economy, rearing techniques, possi-
bilities of nutrient content manipulation, etc.) of 
using insect meals is undoubtedly needed. 
Based on the highest lysin and methionin 
content, we propose Musca domestica larvae and 
Samia ricini as the best alternatives to commonly 
used protein sources for poultry and pig feeding. 
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